SUMMARY
The nucleotide sequence of the small (S) RNA segment of the Bunyamwera virus genome has been determined. The S RNA is 961 bases in length and, in common with other bunyaviruses, encodes two proteins, N and NSs, in overlapping reading frames. A six-way alignment of the amino acid sequences of the N and NSs proteins of viruses representing three serogroups within the Bunyavirus genus indicates regions which are strongly conserved, and provides targets for future analysis of protein function.
The family Bunyaviridae is classified into five genera, Bunyavirus, Hantavirus, Nairovirus, Phlebovirus and Uukuvirus, on the basis of serological and biological criteria. Bunyamwera virus is the prototype of both the Bunyavirus genus and the family Bunyaviridae and was isolated from infected mosquitoes in Uganda (Smithburn et al., 1946) . The bunyavirus genome comprises three segments of negative-sense RNA designated L (large), M (middle) and S (small). The S RNA encodes the nucleoprotein, N, and a non-structural protein, NSs; the M RNA encodes the two virion glycoproteins G1 and G2, and a second non-structural protein, NSm (reviewed by Bishop, 1985) ; the L RNA encodes the large protein L (R. M. Elliott, unpublished data) which is presumed to be a component of the virion-associated RNA polymerase.
Nucleotide sequence studies of cloned cDNA copies of bunyavirus RNAs have shown that the N and NSs proteins are encoded in overlapping reading frames Cabradilla et al., 1983; Akashi & Bishop, 1983; Akashi et al., 1984; Gerbaud et al., 1987; R. M. Elliott & A. McGregor, unpublished data) , and the M segment encodes a polyprotein precursor containing G1, G2 and NSm (Eshita & Bishop, 1984; Lees et al., 1986; Grady et al., 1987; Pardigon et al., 1988) . This laboratory has cloned cDNA copies of the Bunyamwera virus genome segments Pringle et al., 1984) , and has reported the sequence of the M RNA segment (Lees et al., 1986) . Here the sequence of the Bunyamwera virus S RNA segment is presented, together with a detailed comparison of six bunyavirus S RNA sequences which highlights regions of conservation in their N proteins.
Complementary DNA clones containing Bunyamwera virus S segment-specific sequences were generated and identified as described by Pringle et al. (1984) . DNA sequence determination was by both the chemical degradation method (Maxam & Gilbert, 1980) as modified in Lees et al. (1986) and the dideoxynucleotide chain termination method using DNA fragments subcloned into bacteriophage M13 (Sanger et al., 1980) . The nucleotide sequences of five independent but overlapping cDNA clones were determined and yielded a contiguous sequence corresponding to bases 15 to 961 of the Bunyamwera virus S RNA (complementary, positive RNA sense). None of the clones examined contained the 5'-terminal consensus sequence of bunyavirus RNAs (Clerx-van Haaster et al., 1982) ; hence the terminal sequences were determined by primer extension of a synthetic oligonucleotide (complementary to bases 108 to 127) in the presence of dideoxynucleoside triphosphates (Geliebter et al., 1986) using infected cell positive strand RNA as template (Fig. 1 a) . Sequence determination by primer extension on vRNA as template showed the consensus sequence in the population to be that shown in the upper part of the figure. deficient in Cys residues, in agreement with data on the radiolabelling of infected cell proteins reported previously (Elliott, 1985) ; the NSs protein contains a single Cys residue at its carboxy terminus, which, is sufficient to radiolabel this protein, a feature used in the mapping of NSs (Elliott, 1985) . Discrepancies between the sequences of cDNA clones pBUNS14 and clones pBUN308, pBUN309 and pBUN3/59 were observed at positions 378 and 379 (Fig. 2 ). These were resolved by primer extension of an oligonucleotide complementary to virion RNA (bases 269 to 288 of positive sense RNA) to obtain the consensus sequence of the RNA population; the sequence obtained was the same as that from pBUN308, pBUN309 and pBUN3/59. Therefore, pBUNS14 may have been derived from a minor variant in the RNA population, and is interesting since it predicts a Cys residue at position 98 in the N protein. The possibility that the difference in pBUNS14 arose by a reserve transcriptase-induced artefact, however, cannot be discounted.
Nucleotide sequences are now available for the S RNA segments of six bunyaviruses which represent three serogroups in the Bunyavirus genus: Bunyamwera, Maguari (R. M. Elliott & A. McGregor, unpublished data) and Germiston (Gerbaud et al., 1987) viruses of the Bunyamwera serogroup, snowshoe hare and La Crosse (Akashi et al., 1983; Cabradilla et al., 1983) viruses of the California serogroup and Aino virus of Simbu serogroup (Akashi et al., 1984) . The N proteins of these viruses are very similar in size, ranging from 233 to 235 amino acids; the NSs proteins are more variable in length, from 91 to 109 amino acids. The N and NSs proteins have been compared by pairwise comparison using the GAP program, followed by alignment of the 'gapped' sequences using the program PRETTY (both programs from the University of Wisconsin Genetics Computer Group; Devereux et al., 1984) . The six-way alignment of the proteins is shown in Fig. 3 . Overall the N proteins show about 40% similarity and the NSs proteins about 25 % similarity. Viruses within a serogroup show considerably more relatedness, 80% or greater between N proteins and 70% or greater between NSs proteins.
Examination of the alignment of the N protein sequences in Fig. 3a shows that certain regions of the N proteins are well conserved, particularly between residues 62 and 102, residues 123 and 169 and the carboxy-terminal 15 residues. Presumably these conserved regions are of functional significance to the protein. Furthermore, these regions may give rise to the complement-fixing antibodies that cross-react throughout the Bunyavirus genus (Bishop, 1985) . Noteworthy also is the strict conservation between all six proteins of the positions of some basic amino acid residues (at positions 51, 61, 66, 70, 94, 95, 102, 168, 181,184, 186, 199, 217 and 225) . These residues may be involved in the interaction of the nucleocapsid protein with viral RNA.
In contrast to the relatedness of the N proteins, the NSs proteins show greater diversity (Fig.  3 b) . However, these proteins can be readily aligned with the minimum of inserted gaps, and the difference in length of the~NSs proteins can be accounted for by the variability at the carboxy termini of the individual proteins. The region showing greatest similarity is between residues 71 and 91, which represents the carboxy terminus of the shortest NSs proteins. Outside this region there are only single or pairs of amino acid residues that are conserved. The significance of these residues in the, as yet unknown, function of the NSs protein awaits investigation. Fig. 3 . Six-way alignments of (a) the nucleocapsid (N) proteins and (b) the non-structural (NSs) proteins of Bunyamwera (BUN), Maguari (MAG), Germiston (GER), La Crosse (LAC), snowshoe hare (SSH) and Aino viruses. The alignments were prepared using the GAP and PRETTY programs of Devereux et al. (1984) . The 'consensus' is based on a plurality of 4, and is a convenient way of highlighting regions of strong conservation.
The comparisons described above highlight the conserved regions of the S RNA gene products. Once systems expressing these gene products have been established, the conserved areas of the proteins will provide targets for specific mutagenesis which should help both in designating function and delineating functional domains within the proteins.
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